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A Contribution to the Establishment of Reference
Architectures for Mobile Learning Environments
Nemésio Freitas Duarte Filho and Ellen Francine Barbosa
Abstract— The development and the use of learning
environments, coupled with the evolution of mobile computing,
have contributed significantly to the establishment of a new
learning modality known as mobile learning (m-learning). In this
new scenario, the educational environments, despite having many
benefits and facilities with regard to teaching and learning, have
problems and challenges that need to be addressed. One of the
important aspects to be investigated concerns the establishment
and adoption of architectural patterns. In fact, most of these
environments are built in an isolated form, having their own
architectures and structures, which may negatively impact the
ability of standardization and support of architectural definition.
The main goal of this paper is to investigate and define a service-
oriented reference architecture for m-learning environments. The
proposed architecture, named Ref-mLearning, aims to contribute
to the evolution, reuse, and interoperability of such environments,
enabling an increase in quality and cost reduction during their
development, due to the use of features provided by service-
oriented architecture. Ref-mLearning was also evaluated through
qualitative and quantitative aspects: 1) in comparison with
a reference architecture model and 2) with the support of
specialists. The results showed that the proposed architecture
comprises relevant elements with respect to a service-oriented
reference architecture.
Index Terms— Mobile learning environments, reference
architectures, service-oriented architecture (SOA).
I. INTRODUCTION
IN RECENT years, virtual learning environments, togetherwith the advent of ubiquitous computing, have provided
a new and innovative way of education – mobile learning
(m-learning) [1], [2]. In short, m-learning is characterized by
the ability to promote a strong interaction among apprentices,
teachers and tutors, enabling them not only to access the
learning environment but also to contribute and actively par-
ticipate in the knowledge construction process through mobile
devices (e.g., mobile phones, smartphones, tablets, laptops,
tv, among others) at any time and any place [3], [4]. This
characteristic is achieved due to the interconnection between
the web technology and the portability and integration of
Manuscript received May 4, 2015; revised September 7, 2015; accepted
September 9, 2015. Date of current version November 4, 2015. This work
was supported by the Brazilian Funding Agencies, such as Fundação de
Amparo à Pesquisa do Estado de São Paulo, Coordenação de Aperfeiçoamento
de Pessoal de Nível Superior, and Conselho Nacional de Desenvolvimento
Científico e Tecnológico.
The authors are with the Institute of Mathematics and Computer Science,
University of São Paulo, São Paulo 13566-590, Brazil (e-mail: nemesio@
icmc.usp.br; francine@icmc.usp.br).
Color versions of one or more of the figures in this paper are available
online at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/RITA.2015.2486339
such devices, providing a high degree of communication and
cooperation among its users.
Despite the benefits provided, mobile learning is still faced
as a new and incipient concept, presenting some limitations
that hinder its effective development and adoption, such
as [5] and [6]: reduced processing power; variable screen size;
limited energy (battery-dependent); transmission rates that are
generally smaller than those of the fixed network; adequacy
to usability aspects; and lack of architectural patterns, among
others.
In a different but related perspective, software architectures
dealing with aspects of SOA (Service Oriented Architecture)
have gained prominence and importance within the Soft-
ware Engineering area [4]. As part of software architectures,
we highlight the concept of reference architecture, which is
emerging as an important mechanism in the definition of
specific domains by means of modules and their relation-
ships [7]. In general, a reference architecture refers to a special
type of software architecture that captures the essence of the
architectures of a collection of systems in a given domain [7].
In addition, they can be seen as a knowledge repository of
such domain. Among the benefits of reference architectures,
we highlight the possibility of reuse of experiences through
the understanding of a specific domain.
Considering the growing need to build high-quality, reliable
and reusable m-learning environments, efforts to establish
architectural standards are ever more relevant. In this paper we
discuss the establishment of a service-oriented reference archi-
tecture for m-learning environments, called Ref-mLearning.
In short, this reference architecture intends to provide benefits
with regard to interoperability, domain understanding, estab-
lishment of a common vocabulary, architectural reuse, higher
quality and reduction of time spent in the development of
such environments. The main findings obtained from the
development and evaluation of Ref-mLearning suggest that the
proposed architecture is complete to its target domain, address-
ing most of the relevant issues that a reference architecture
should consider.
The remainder of this paper is organized as follows.
In Section II, we provide an overview of the construction
process of Ref-mLearning. In Section III, we describe the
investigation of information sources. In Section IV, we discuss
the definition of architectural requirements. In Section V,
we illustrate the design of Ref-mLearning and, in Section VI,
the reference architecture is evaluated. Finally, in Section VII,
we summarize our conclusions and perspectives for future
work.
1932-8540 © 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
DUARTE FILHO AND BARBOSA: CONTRIBUTION TO THE ESTABLISHMENT OF REFERENCE ARCHITECTURES 235
II. REF-mLEARNING: CONSTRUCTION PROCESS
The systematization of the process for establishing reference
architectures for specific domains is an important and difficult
activity. In this sense, Nakagawa and Maldonado [8] proposed
ProSA-RA, a process that systematizes the development of
reference architectures, aiming at the incremental and evolu-
tionary software development. ProSA-RA is part of the ProSA
(Process based on Software Architecture), an iterative process
that addresses the procedure from the establishment of the
reference architecture to its evaluation.
ProSA-RA has been used to guide the construction of
reference architectures from different domains, such as visual-
ization tools, marine systems, computer games and educational
environments [9], [10]. Due to its flexibility and effective-
ness in relation to the systematic development of reference
architectures for different domains, ProSA-RA was chosen
to support the proposal of Ref-mLearning. Each step of the
process contains specific guidelines and goals, summarized in
four steps:
• RA-1 (Information of Source Investigation): this step
consists in identifying and selecting the information
sources in order to collect information about the domain
to which the reference architecture will be created.
• RA-2 (Architectural Requirements Establishment): this
step consists in identifying and establishing the domain
requirements, which are the basis to the establishment of
the specific requirements of the reference architecture.
These concepts possibly will generate modules at the
implementation level of the reference architecture.
• RA-3 (Reference Architecture Design): this step provides
an overview of the reference architecture design.
Initially, architectural styles and patterns that provide
greater adaptation to the domain are investigated and
selected. By definition, such architectural aspects are
elements that affect/communicate with other architectural
elements, such as packages/components or even other
architectural aspects.
• RA-4 (Reference Architecture Evaluation): this step aims
at evaluating the reference architecture proposed, mainly
in terms of its quality characteristics.
Next, the establishment of Ref-mLearning is detailed and
discussed in terms of each step of ProSA-RA.
III. INVESTIGATION OF INFORMATION SOURCES
The larger the amount of information and the more
comprehensive the information sources are, the more
appropriate for the domain in question will be the reference
architecture proposed. Consequently, the higher will be the
chances of success in building the software based on the
defined architecture. Among the most relevant information
sources are [8]: people (domain experts), the domain software,
publications and/or documents, and domain ontologies.
During the investigation of information sources, the idea
is to get considerable knowledge of the target domain. This
knowledge acts as a basis for the establishment of the archi-
tectural requirements. In our case, through a semi-structured
revision, three groups of information sources were defined,
based on their relevance in the context of mobile learning
environments and SOA [11]: (1) Concrete Architec-
tures for Mobile Learning Environments; (2) Reference
Models/Architectures for the Educational Domain; and
(3) Service-Oriented Architectures. A complete description of
the information sources used, as well as their classification
according to the application domain of each one, can be found
in Duarte and Barbosa’s work [11].
IV. DEFINITION OF ARCHITECTURAL REQUIREMENTS
One of the first steps for the proposal of a reference
architecture is the definition of architectural requirements,
which represent the basis for the construction of the archi-
tectural views. Despite its relevance, there is no systematic
process for defining architectural requirements. Thus, a good
practice is to perform a literature review together with an
analysis of models/sets of characteristics and quality criteria
for the target domain.
In our case, we tried without success to find in the literature
a standardized model/set of specific requirements for mobile
learning environments. This model/set would facilitate the
establishment of standards and a common vocabulary for the
m-learning paradigm. So, we planned and executed a
systematic literature review aiming at defining a set of
concepts and characteristics intended for m-learning, thereby
allowing the proposal and definition of architectural require-
ments. The systematic review was performed based on a
generic string, defined as follows:
mobile learning AN D (“Requirements” O R
“Characteristics” O R “Learning Environments”)
The string was used in several databases. After applying
the inclusion and exclusion criteria, 25 primary studies were
returned. The complete process for the systematic review
conducted is available in Duarte and Barbosa’s work [12].
All the studies were read and analyzed in order to iden-
tify specific characteristics and requirements for m-learning
environments. Such analysis supported the establishment of a
requirements catalog for m-learning environments (Figure 1).
Next, all the characteristics identified in the catalog were
analyzed and mapped into architectural requirements.
In the case of Ref-mLearning, the mapping was performed
with the help of researchers and domain experts in order
to facilitate the determination of the relevant architectural
requirements to the context of mobile learning. In short,
the set of requirements was defined according to three
specific areas, being divided into the following distinct
groups: (1) Architectural Requirements for Learning
Environments in General (AR-LEG); (2) Architectural
Requirements for Mobile Learning Environments (AR-ML);
and (3) Architectural Requirements specific to SOA (AR-S).
In total, 33 architectural requirements were established,
benefiting the identification of needs and architectural
concepts in the domain of mobile learning applications. The
complete list of architectural requirements is available in
Duarte Filho and Barbosa’s work [11].
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Fig. 1. Requirements catalog for mobile learning [12].
Additionally, the architectural requirements defined were
also analyzed with respect to a set of mobile learning envi-
ronments, which were chosen based on their rates of usage
by learners, teachers and tutors. From the analysis conducted,
it was possible to verify the relevance of such requirements
in real learning environments. More details regarding the
analysis performed and its main findings can be found in
Duarte Filho and Barbosa’s work [12].
V. DESIGN OF THE REFERENCE ARCHITECTURE
An important aspect to ensure greater efficiency in the
exchange of experience and knowledge in relation to a
reference architecture refers to its documentation. The refer-
ence architecture is not only dependent on its scope and its
concepts, but also on an adequate documentation and repre-
sentation. Based on the architectural requirements previously
identified, this step consists in defining and documenting the
architectural design of Ref-mLearning through the representa-
tion of different architectural views.
Following the prescriptions of ProSa-RA, four architec-
tural views were developed to represent and document
Ref-mLearning: (1) General View; (2) Module View;
(3) Runtime View; and (4) Deployment View. For the sake
of space, only the general view is discussed herein. The other
views can be found in Duarte and Barbosa’s work [13].
For the construction of the architectural views, techniques
of UML (Unified Modeling Language) were used in order
to adequately represent concepts, relationships and behaviors.
Notice that the concepts represented in the architectural views
can be implemented by using different programming languages
and technologies.
A. General View
Figure 2 shows the general view of Ref-mLearning, which
was defined in accordance with the architectural requirements
previously discussed. The application layer presents specific
modules of the educational domain. Furthermore, it incor-
porates elements related to SOA, enabling greater reuse and
interoperability. The elements described in this vision can be
implemented using technologies and languages that are the
most appropriate for their implementation.
Data Layer: located on the database server, it corresponds
to the set of data to be stored and retrieved for use in the
mobile learning environment. The main role of this layer is
to receive information requests from the web server, and then
perform query functions, changes and deletion of data in the
database. To ensure more integrity, a persistence module has
also been incorporated into this layer.
View Layer: client-side layer, whose primary task is to sup-
port different types of browsers and mobile devices, allowing
communication with the server’s learning environment. The
web server should return the information (request), enabling
to be interpreted and rendered to the client. Based on ser-
vice orientation, this layer should exchange information via
the XML and SOAP protocols, assuring interoperability in
communication.
Presentation Layer: server-side layer, whose primary task
is to receive information requests from the client application,
and perform the visual presentation of information on the
learning activities. This layer should analyze the original data
and request the appropriate style information (e.g., XML).
To provide more compatibility with some aspects of SOA and
to increase interoperability and reuse of resulting applications,
three modules were defined into Ref-mLearning: (1) Service
Descriptor: defines the data types used in the request of
functionalities; (2) Requests Controller: is responsible for
orchestrating the execution of other modules, ensuring ser-
vices synchronization; and (3) Services Engine: processes the
services requests.
Quality of Service Layer (QoS): every service, consumed
or produced, must be in accordance with quality requirements.
In the educational context, services cannot negatively affect the
performance of learning activities for part of the environments’
users. This layer has the purpose of analyzing and verifying
the compliance with the quality requirements stipulated in the
other layers of services.
Intermediation Services Layer: this layer plays an important
role in the control and organization of educational services,
since it enables other services to be efficiently discovered and
associated with the learning environment.
Application Layer: this layer contains elements that add
features related to the core functionality of a mobile learning
environment. Located on the application server, the layer is
responsible for accepting the service request according to the
documents sent. As examples, we can consider a service of
login, reporting, performance or customization, among others.
All services defined in the application layer of Ref-mLearning
should be developed focusing on modularity and cohesion, to
be used in different environments, therefore increasing reuse.
The layer consists of the following eight modules:
• Access Module: it is responsible for consulting the data-
base of the learning environment to get the information,
verifying whether it may or may not have access to that
service. Depending on the context, some services may be
free or paid.
• Teaching Module: it is responsible for the presentation
and delivery of educational content, and for the learner’s
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Fig. 2. General View of Ref-mLearning.
evaluation through the availability and application of
exercises, quizzes or tests, among others. The issue of
adaptability of content is also addressed in this module.
• Authoring Module: it is one of the main modules of
Ref-mLearning, being responsible for supporting the
development of educational content (materials and evalu-
ations). In short, this module addresses issues regarding:
(1) structuring and modeling content; (2) editing content;
(3) automatic generation of the content; (4) sharing and
content integration; and (5) content capture.
• Personalization Module: this module is classified as a
crosscutting concern, being related to the other modules
of the application layer. Its main goal is to establish mech-
anisms for creating and using templates, multilanguage
support and adaptation to patterns (such as IMS, SCORM
and LOM, among others).
• Documentation Module: it is responsible for providing
mechanisms of management and storage of information
about the mobile learning environment (such as online
help and FAQ of the environment).
• Administration Module: it addresses all administrative
issues present in general Web systems, with emphasis
on the management of users and courses. Regarding
the user’s administration, the main issues considered are
related to authentication and establishment of the access
levels, as well as adding, deleting and updating users.
• Adaptation to the Context Module: Mobile learning
environments must be able to automatically detect all
information related to the context of users and tutors
(e.g., place, time and, in some cases, physical conditions).
This module is fundamental for detecting and recording
the learner’s current situation in the learning environment.
The idea is to provide the tutors with a greater under-
standing and knowledge of the apprentices.
• Collaboration/Communication Module: This module
defines the type of communication used by the learn-
ing environment or by a mobile device. Communication
can be asynchronous or synchronous. In general, it
allows users of the environment to determine the way
of communication, e.g., SMS, MMS, speech interface or
only keyboard. This is possible through interoperability
among mobile devices.
VI. EVALUATION OF THE REFERENCE ARCHITECTURE
A. Comparison With a Reference Architecture Model
The last step to be performed as part of the construction
process of a reference architecture refers to its evaluation.
To do so, it is important to have a model that can indicate the
necessary elements together with a comparative evaluation of
the reference architecture, providing a better understanding of
the architecture. In the case of Ref-mLearning, we adopted the
RAModel (Reference Architecture Model) [14], a reference
model specific for reference architectures.
RAModel provides an efficient evaluation and comparison
regarding items and elements necessary for a reference
architecture. Therefore, it was applied to the current con-
text of Ref-mLearning, constituting the first mechanism to
evaluate the reference architecture proposed. In short, the
model establishes four groups of core elements to evaluate
a reference architecture [12]: (1) Domain; (2) Application;
(3) Infrastructure; and (4) Crosscutting Elements.
In order to check the relevant elements for the reference
architecture, we performed a comparison between the elements
established by RAModel and Ref-mLearning. Table I shows
the checklist of RAModel used to compare the core elements
of Ref-mLearning.
Based on the mapping presented in Table I, we can
notice that Ref-mLearning conforms to almost all elements of
RAModel. Some of the missing elements refer to limitations
of Ref-mLearning and others are due to the particularities of
the application domain. A brief analysis based on the groups
of elements of RAModel is provided next.
• Domain: Ref-mLearning incorporates all the elements of
the Domain Group, except for aspects of system compli-
ance. Actually, the reference architecture was designed
and developed considering specific learning standards,
addressing educational and didactic issues of learning
environments. Regarding quality attributes, the reference
architecture was designed based on a model, criteria
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TABLE I
COMPARISON BETWEEN THE ELEMENTS OF RAMODEL AND Ref-mLearning
and requirements for descriptions of mobile learning
environments.
• Application: A limitation of Ref-mLearning in relation
to the elements of the Application Group refers to the
lack of indication and description of risks that can be
found and included in the reference architecture. In fact,
there will always be risks at the time of instantiation of
concrete architectures. On the other hand, the reference
architecture has constraints on its modules, particularly
with respect to its architectural views, which facilitate
the understanding and the connection among the views.
It also has a set of data domain, which together with
the quality model define the specific data of the system
(e.g., educational, managerial). The architecture provides
an indication of the main functional requirements through
its general view and modules view, representing not
only the functional requirements but also the relationship,
highlighting requirements such as communication, assess-
ment, authoring, management and customization, among
others. The main limitation of this architecture is the fact
that there is no detailing on the coding level (low level),
providing greater flexibility in the use of frameworks,
patterns and specific technologies to deploy m-learning
environments.
• Infrastructure: In relation to the set of infrastructure
elements, Ref-mLearning includes all the features defined
in the RAModel. The architecture was defined and pro-
posed following a set of best practices and guidelines
specific to mobile learning. All the development was
performed through systematic reviewsnd comparisons of
real mobile learning environments, and with the sup-
port of specialists, thereby providing the identification
of the relevant and necessary points for the construc-
tion of the reference architecture. The architecture also
presents a well-defined and detailed general structure.
Ref-mLearning was built based on the principles of UML,
according to modeling rules and principles. In addition
to presenting a general view of its architecture with
relationships and descriptions, Ref-mLearning also has
different architectural views enabling a greater under-
standing related to structural and behavioral aspects, thus
facilitating the instantiation of concrete architectures from
different architectural styles. In the context of physical
elements, Ref-mLearning defines a deployment view, in
which it is possible to detail and describe aspects of hard-
ware elements, servers, devices, and their relationships.
• Crosscuting Elements: Ref-mLearning has some implicit
indications of tradeoffs in its description (e.g., use of
resources versus battery consumption), but they are gen-
erally not related to decisions of instantiation of concrete
architectures, or decisions at design and technological
levels.
According to RAModel, Ref-mLearning possesses most of
the relevant elements for a reference architecture. Neverthe-
less, some elements such as risks, decisions, legislations and
system compliance could still be added to the reference archi-
tecture proposed. On the other hand, it is also worth observing
that, depending on the purpose of the reference architecture,
different elements from those proposed by RAModel can be
more important or interesting to be considered in the reference
architecture.
B. Checklist With Specialists
The previous evaluation had a more quantifiable goal in
comparison with the RAModel. For a complete evaluation,
according to Barcelos and Travassos [15], it is also important
to incorporate aspects of qualitative evaluation. In this section,
we provide a qualitative evaluation of Ref-mLearning through
a checklist application by specialists in the area.
According to Barcelos and Travassos, evaluation methods
for software architectures may present issues, such as scope
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limitations, dependence on the evaluator’s knowledge, and
dependence on particular representation techniques or high
costs. All these can be overcome by the use of checklists [16].
In addition, although there are many evaluation methods for
software architectures, they cannot be used without adap-
tations for reference architectures [15]. The checklist is a
simple and flexible method, which can be used alone or
as a pre-evaluation that may support other methods to dis-
cover mistakes at an early stage of the reference architecture
life cycle.
In our work, we have also created a checklist in order to
evaluate Ref-mLearning through the collaboration of special-
ists. The support of specialists aims at identifying improve-
ments mainly in the educational and mobile contexts (among
other aspects of Ref-mLearning), thereby complementing the
validation performed by means of the RAModel.
The evaluation was conducted as an online checklist,
providing access to a greater number of specialists. The check-
list was proposed based on 37 questions. All of them were
directly focused on the understanding, descriptions, modeling
and relationships of Ref-mLearning. The results were analyzed
by means of statistical data, enabling to identify possible
improvements and considerations for the proposed reference
architecture.
The checklist was developed based on literature available
regarding mobile learning environments, reference architec-
tures and software architectures. At first, we adapted the
checklist for evaluation of software architectures presented
in the works of Clements et al. [17] and Santos et al. [18]
for reference architectures. Then, it was extended with
questions about the catalog of requirements, proposed by
Duarte and Barbosa [19]. Finally, the checklist was refined in
order to address the topics treated in the Nakagawa et al.
work [14], which establishes relevant information that should
be presented in a reference architecture.
We adapt the stakeholder’s considerations, originally made
by Clements et al. [17], distributing the questions among two
types of respondents: architects and domain specialists. Archi-
tects are the software engineers responsible for designing the
reference architecture, with knowledge of SOA. The domain
specialists are those with knowledge of and expertise in mobile
learning environments. Figure 3 illustrates the organization and
application of the checklist.
Before answering the checklist, the participants performed a
short training on the guidelines and directives of the checklist
(via email, chat or voice call). Once the guidelines were
available, the participants should read some basic information
of Ref-mLearning, summarizing the main aspects of the archi-
tecture: (1) general information; (2) catalog of requirements;
(3) general view; (4) module view; (5) run-time view; and
(6) deployment view.
The checklist comprises seven stages: (1) general aspects,
(2) conceptual aspects, (3) educational domain aspects,
(4) mobile learning domain aspects, (5) infrastructure
aspects, (6) modeling aspects and (7) SOA aspects. Each stage
was divided into one or more sets of questions. Table II
provides some examples of the questions presented in the
checklist. Each question can be answered according to the
Fig. 3. Organization and application of the checklist.
Fig. 4. Evaluation Overall Results.
following options: (1) totally complies; (2) partially complies;
(3) does not comply; and (1) indifferent. The complete check-
list can be found in Duarte Filho and Barbosa’s work [20].
The checklist was applied to 18 participants (volunteers):
10 architects and 8 specialists. The overall results are summa-
rized in Figure 4: 48% of the items evaluated totally satisfied
the requirements of Ref-mLearning; 29% of the items eval-
uated partially satisfied the requirements of Ref-mLearning;
6% of the items did not satisfy the minimum requirements
(due to issues of scope or to limitations of the architecture);
and 17% of the items seemed to be indifferent, especially
when the evaluator had no knowledge to evaluate the particular
item. This occurred because the checklist is broad, involving
several standards and different terminologies and concepts of
reference architectures, together with aspects of SOA, mobile
learning and modeling, among other issues.
In general, besides Ref-mLearning containing most of the
relevant elements for a reference architecture (according to
the evaluation performed with respect to RAModel), this
qualitative evaluation (with the support of specialists and
architects) also indicates that most of these elements totally
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TABLE II
EXAMPLES OF THE CHECKLIST QUESTIONS
Fig. 5. Results – Evaluation with Specialists.
satisfy the basic requirements related to the context of
Ref-mLearning.
According to figures 5 and 6, most of the questions
answered as “does not comply” are related to the group
of “Conceptual Aspects” (5% for specialists and 8% for
architects). The reason for this result is that not all the concepts
and descriptions could be entered into the checklist (it could
become too long and difficult to read). On the other hand, it
is important to notice that the other groups had a high level
of responses of “totally complies”.
The evaluations performed point out that Ref-mLearning
presents the relevant elements for a reference architecture,
and these elements are appropriate to the context of the
Fig. 6. Results – Evaluation with Architects.
architecture, which meets mobile learning requirements and
aspects of SOA.
VII. CONCLUSIONS AND FUTURE WORK
In this paper, we discussed the proposition of a
service-oriented reference architecture for mobile learning
environments, referred to as Ref-mLearning. The main con-
tribution of Ref-mLearning lies in providing guidelines for
the development, reuse and interoperability of mobile learning
environments based on SOA aspects.
Ref-mLearning was proposed following a systematic
process. Particularly, the representation and definition of
architectural views provide greater understanding of the
domain, establishing a common vocabulary and architectural
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reuse in relation to the context of mobile learning
environments.
The evaluations performed suggest that Ref-mLearning is
complete since it presents the most important elements with
respect to a reference architecture, especially in relation to
aspects of mobility and SOA. These aspects are important
because, besides ensuring greater convenience and flexibility
to the learning environment, they also guarantee greater reuse,
interoperability and standardization through the use of web
services.
Despite the positive results obtained so far, we highlight the
need to conduct a more complete evaluation of Ref-mLearning.
This evaluation has been planned and will require efforts to
develop a mobile learning environment using educational web
services. We are currently developing such prototype, which
constitutes an instance of Ref-mLearning. We also intend to
conduct a formal experiment with this prototype in order to
evaluate its effectiveness as a support for mobile learning. Both
students and instructors’ attitudes should be considered in the
experiment.
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